This paper presents new deep and wide narrow-band surveys undertaken with UKIRT, Subaru and the VLT; a unique combined effort to select large, robust samples of Hα star-forming galaxies at z = 0.40, 0.84, 1.47 and 2.23 (corresponding to look-back times of 4.2, 7.0, 9.2 and 10.6 Gyrs) in a uniform manner over ∼ 2 deg 2 in the COSMOS and UDS fields. The deep multi-epoch Hα surveys reach a matched 3 σ flux limit of ≈ 3 M yr −1 out to z = 2.2 for the first time, while the wide area and the coverage over two independent fields allow to greatly overcome cosmic variance and also assemble large samples of more luminous galaxies. Catalogues are presented for a total of 1742, 637, 515 and 556 Hα emitters, robustly selected (Σ>3, EW 0(Hα) >25Å) at z = 0.40, 0.84, 1.47 and 2.23, respectively, and used to determine the Hα luminosity function at those epochs and its evolution. The faint-end slope of the Hα luminosity function is found to be α = −1.60±0.08 over z = 0−2.23, showing no significant evolution. The characteristic luminosity of SF galaxies, L * Hα , evolves significantly as log L * Hα (z) = 0.45z + log L * z=0 . This is the first time Hα has been used to trace SF activity with a single homogeneous survey at z = 0.4−2.23. Overall, the evolution seen in the Hα luminosity function is in good agreement with the evolution seen using inhomogeneous compilations of other tracers of star formation, such as FIR and UV, jointly pointing towards the bulk of the evolution in the last 11 Gyrs being driven by a similar star-forming population across cosmic time, but with a strong luminosity increase from z ∼ 0 to z ∼ 2.2. Our uniform analysis allows to derive the Hα star formation history of the Universe, showing a clear rise up to z ∼ 2.2, for which the simple parametrisation log ρ SFR = −2.1/(z + 1) is a good approximation for z < 2.2. The results reveal that both the shape and normalisation of the Hα star formation history are consistent with the measurements of the stellar mass density growth, confirming that our Hα cosmic star formation history is tracing the bulk of the formation of stars in the Universe for z < 2.23. The star formation activity over the last ≈ 11 Gyrs is responsible for producing ∼ 95% of the total stellar mass density observed locally today, with about half of that being assembled at 1.2 < z < 2.2, and the other half at z < 1.2.
INTRODUCTION
Star formation activity in galaxies has been decreasing significantly over time. Such observational evidence can now be seen very clearly by studies looking at how the specific star formation rate (Salim et al. 2007 ; González et al. 2010 ; Dutton et al. 2010) , or the star formation rate density (ρSFR) vary as a function of look-back time. Nevertheless, while surveys reveal that ρSFR rises steeply out to at least z ∼ 1 (e.g. Lilly et al. 1996; Hopkins & Beacom 2006) , determining the redshift where ρSFR might have peaked at z > 1 is still an open problem. This is because the use of different techniques/indicators (affected by different biases, dust extinctions and with different sensitivities -and that can only be used over limited redshift windows) results in a very blurred and scattered understanding of the star formation history of the Universe. Other problems/limitations result from the difficulty of obtaining both largearea, large-sample, clean and deep observations (to overcome both cosmic variance, and avoid large extrapolations down to faint luminosities).
One route towards achieving significant progress is through the use of the narrow-band technique to undertake large, sensitive surveys and trace emission lines from the optical into the near-IR. These are particularly powerful, as they can take advantage of large field-of-view detectors with narrow-band filters and select sources purely on the basis of their line emission. While there is a wide range of emission lines which can trace star formation, Hα is by far the best candidate to do so over z < 3 1 , as it provides a sensitive census of star formation activity, is very well-calibrated, and is typically affected by only 1 mag of extinction at z ∼ 0 − 1.5 (e.g. Gilbank et al. 2010; Sobral et al. 2012) , contrary to other lower wavelength emission lines. Longer wavelength lines such as the Paschen series lines are less affected by dust extinction, but they are intrinsically fainter than Hα (e.g. Paα is intrinsically ≈ 10× weaker than Hα for a typical star-forming galaxy) and much harder to observe, even for moderate redshifts.
Hα surveys have been carried out by many authors (e.g. Bunker et al. 1995; Malkan et al. 1995) , but they initially resulted in a relatively low number of sources for z > 0.5 surveys. Fortunately, the development of wide field near-IR detectors has recently allowed a significant increase in success: at z ∼ 2, narrow-band surveys such as Moorwood et al. (2000) , which could only detect a handful of emitters, have been rapidly extended by others, such as , increasing the sample size by more than an order of magnitude. Substantial advances have also been obtained at z ∼ 1 (e.g. Villar et al. 2008; Sobral et al. 2009; Ly et al. 2011) . Other Hα surveys have used dispersion prisms on HST to make progress (e.g. McCarthy et al. 1999; Yan et al. 1999; Hopkins et al. 2000) , and there is promising work being conducted using the upgraded WFC3-grism (e.g. WISP or 3D-HST; Atek et al. 2010; Straughn et al. 2011; van Dokkum et al. 2011) .
HiZELS, the High-redshift(Z) Emission Line Survey 2 Sobral et al. 2009 Sobral et al. , 2012 , hereafter S09 and S12) is a Campaign Project using the Wide Field CAMera (WFCAM) on the United Kingdom Infra-Red Telescope (UKIRT) and exploits specially-designed narrow-band filters in the J and H bands (NBJ and NBH), along with the H2S(1) filter in the K band (hereafter NBK), to undertake panoramic, moderate depth surveys for line emitters. HiZELS is primarily targeting the Hα emission line redshifted into the near-infrared at z = 0.84, z = 1.47 and z = 2.23 (see Best et al. 2010) , while the NBJ and NBH filters also provide Table 1 . Narrow-band filters used to conduct the multi-epoch surveys for Hα emitters, indicating the central wavelength (µm), full width at half maximum (FHWM), the redshift range for which the Hα line is detected over the filter FWHM, and the corresponding volume (per square degree) surveyed (for the Hα line). Note that the NB921 filter provides an [OII] survey which precisely matches the Hα z = 1.47 survey, and also a [OIII] survey which broadly matches the z = 0.84 Hα survey. The NB J and NB H filters also provide [OII] [OII] 3727 and [OIII] 5007 surveys at z ≈ 2.23, matching the NBK Hα coverage at the same redshift.
One of the main aims of HiZELS is to provide measurements of the evolution of the Hα luminosity function from z = 0.0 to z = 2.23 (but also other properties, such as clustering, environment and mass dependences; c.f. Sobral et al. 2010 Sobral et al. , 2011 . The first results (Geach et al. 2008, S09; S12) indicate that the Hα luminosity function evolves significantly, mostly due to an increase of about one order of magnitude in L * Hα , the characteristic Hα luminosity, from the local Universe to z = 2.23 (S09). In addition, Sobral et al. (2011) found that at z = 0.84 the faint-end slope of the luminosity function (α) is strongly dependent on the environment, with the Hα luminosity function being much steeper in low density regions and much shallower in the group/cluster environments.
However, even though the progress has been quite remarkable, significant issues remain to be robustly addressed for a variety of reasons. For example, is the faint-end slope of the Hα luminosity function (α) becoming steeper from low to high redshift? Results from Hayes et al. (2010) point towards a steep faint-end slope at z > 2. However, Hayes et al. did not sample the bright end, and have only targeted one single field over a relatively small area, and thus cosmic variance could play a huge role. Tadaki et al. (2011) find a much shallower α at z ∼ 2 using Subaru. Furthermore, measurements so far rely on different data, obtained down to different depths and using different selection criteria. Additionally, different ways of correcting for completeness (c.f. for example Ly et al. 2011) , filter profiles or contamination by the [NII] λλ6548,6583.6 lines can also lead to significant differences. How much of the evolution is in fact real, and how much is a result of different ways of estimating the Hα luminosity function? This can only be fully quantified with a completely self-consistent multi-epoch selection and analysis. Another issue which still hampers the progress is overcoming cosmic variance and probing a very wide range of environments and stellar masses at z > 1. Large samples of homogeneously selected star-forming galaxies at different epochs up to z > 2 would certainly be ideal to provide strong tests on our understanding of how galaxies form and how they evolve.
In order to clearly address the current shortcomings and provide the data that is required, we have undertaken by far the largest area, deep multi-epoch narrow-band Hα surveys over two different fields. By doing so, both faint and bright populations of equally selected Hα emitters at z = 0.4, 0.84, 1.47 and 2.23 have been obtained, using 4 narrow band filters (see Figure 1 and Table 1 ). The paper is organised as follows: §2 describes the observations, data reduction, source extraction, catalogue production, selection of line emitters, and the samples of Hα emitters. In §3, after estimating and applying the necessary corrections, the Hα luminosity functions are derived at z = 0.4, 0.84, 1.47 and 2.23, together with an accurate measurement of their evolution at both bright and faint ends. In §4 the star formation rate density at each epoch is very effectively, while the (scaled) broad-band imaging is used to estimate and remove the contribution from the continuum. Note that because the filters are not necessary located at the center of the respective broad-band transmission profile, very red/blue sources can produce narrow-band excesses which mimic emission lines; that is corrected by estimating the continuum colour of each source and correcting for it.
also evaluated and the star formation history of the Universe is presented. §4 also discusses the results in the context of galaxy formation and evolution in the last 11 Gyrs, including the inferred stellar mass density growth. Finally, §5 presents the conclusions. An H0 = 70 km s −1 Mpc −1 , ΩM = 0.3 and ΩΛ = 0.7 cosmology is used. Narrow-band magnitudes in the near-infrared and the associated broad-band magnitudes are in the Vega system, except when noted otherwise (e.g. for colour-colour selections). NB921 and z magnitudes are given in the AB system.
DATA AND SAMPLES

Optical NB921 imaging with Subaru
Optical imaging data were obtained with Suprime-Cam using the NB921 narrow-band filter. The NB921 filter is centered at 9196Å with a FWHM of 132Å. The COSMOS field was observed in service mode in December 2010 with four different pointings covering the central 1.1 deg 2 . Total exposure times were 2.9 ks per pointing, composed of individual exposures of 360 s dithered over 8 different positions. Observations are detailed in Table 2 . The UDS field has also been observed with the NB921 filter (see Ouchi et al. 2010) , and these data have been extracted from the archive. Full details of the data reduction and catalogue production of the UDS data were presented by S12 and the same approach was adopted for the COS-MOS data. In brief, all the raw NB921 data were reduced with the Suprime-Cam Deep field REDuction package (SDFRED, Yagi et al. 2002; Ouchi et al. 2004 ) and IRAF. The combined images were aligned to the public z -band images of Subaru-XMM Deep Survey or the COSMOS field and PSF matched (FWHM= 0.9 ). The NB921 zero points were determined using z data, so that the (z -NB921) colours are consistent with a median of zero for z between 19 and 21.5 -where both NB921 and z images are unsaturated and have very high signal-to-noise ratios. Table 2 ) were complemented with further pointings (A to H) to both increase the surveyed area, and increase the exposure time in the central area. The region delimited by the dashed line shows the NB921 coverage obtained in COSMOS. See Table 2 for details on the pointings, including exposure times.
Source detection and photometry were performed using SEX-TRACTOR (Bertin & Arnouts 1996) . Sources were detected on each individual NB921 image and magnitudes measured with 2 and 3 diameter apertures. The 3 apertures are used to select and measure Hα line fluxes: at z = 0.4 the 3 apertures measure the same physical area as 2 apertures at z = 0.8, 1.47, 2.23 (≈ 16 kpc), assuring full consistency. The 2 apertures are used to measure emission lines from sources at higher redshift ([OII] at z = 1.47, to match the NBH Hα measurement at the same redshift, and [OIII] at z = 0.84 to match the NBJ Hα survey). The average NB921 3σ limiting magnitudes (in 2 apertures) are given in Table 2 .
Near-infrared imaging with UKIRT
The COSMOS and UKIDSS UDS fields were observed with WF-CAM on UKIRT as summarised in Table 2 ).
For the COSMOS field, an initial 0.8 deg 2 coverage obtained with 4 WFCAM pointings was complemented in NBH (and NBK) by 8 (5) further WFCAM pointings, macro-jittered to obtain a combined 1.6 (1.3) deg 2 coverage with increasing exposure time per pixel towards the centre of the field (see Figure 2) . Part of the central region (∼ 0.2 deg 2 ) benefits further from some significant extra deep data (see Table 2 ), leading to a much higher total exposure time.
A dedicated pipeline has been developed for HiZELS (PfHiZELS, c.f. S09 for more details). The pipeline has been modified and updated since S09 mostly to 1) improve the flat-fielding and 2) provide more accurate astrometric solutions for each individual frame which result in a more accurate stacking 4 . The updated version of the pipeline (PfHiZELS2012) has been used to reduce all UKIRT narrow band data (NBJ, NBH and NBK), including those already presented in previous papers. This approach guarantees a complete self-consistency and takes advantage of the improved reduction which, in some cases, is able to go deeper by ≈ 0.2 mag when compared to the data reduced by the previous version of the pipeline.
For the COSMOS field, due to the need to co-add frames taken with different WFCAM cameras (due to the survey strategy, see Figure 2 ), IRAF is used to distort-correct all final frames (in addition to individual frames being corrected prior to combining) before co-adding different fields; the typical rms is 0.1−0.2 . However, at the highest radial distances (r > 1000 pix) from the centre of the images, even small residual distortions (sometimes with opposite signs due to the need of combining different WFCAM cameras) can lead to an elongated PSF and blurring of sources. The combined frames were analysed using IRAF and it was found that for r < 900 (pix, from the centre of the images obtained with different WFCAMs) the PSF/ellipticity remained unchanged due to stacking, but that for higher radial distances the PSF became increasingly elongated, particularly in the corners. In order to avoid introducing errors in the photometry and source position, regions with overlapping WFCAM cameras are treated in the following way: i) for r < 900 pix, the stacked images are used and ii) for r > 900 pix the deepest individual image is used.
Narrow-band images were photometrically calibrated (independently) by matching ∼ 100 stars per frame with J, H and K between the 12th an 16th magnitudes from the 2MASS All-Sky catalogue of Point Sources (Cutri et al. 2003) which are unsaturated in the narrow-band images. WFCAM images are affected by cross-talk and other artifacts caused by bright stars: accurate masks are produced in order to reject such regions. Sources were extracted using SEXTRACTOR (Bertin & Arnouts 1996) , making use of the masks. Photometry was measured in apertures of 2 diameter which at z = 0.8 − 2.2 recover Hα fluxes over ≈ 16 kpc. The average 3 σ depths of the entire set of NB frames vary significantly, and are summarised in Table 2 . The total numbers of sources detected with each filter are given in Table 3 .
Near-infrared H2 imaging with HAWK-I
The UKIDSS UDS and COSMOS fields were observed with the HAWK-I instrument (Pirard et al. 2004; Casali et al. 2006 ) on the VLT during 2009. A single dithered pointing was obtained in each of the fields using the H2 filter, characterised by λc = 2.124 µm and δλ = 0.030 µm (note that the filter is slightly wider than that on WFCAM). Individual exposures were of 60 s, and the total exposure time per field is 5 hours. Table 2 presents the details of the observations and depth reached.
Data were reduced using the HAWK-I ESO pipeline recipes, by following an identical reduction scheme/procedure to the WF-CAM data. The data have also been distortion corrected and astrometrically calibrated before combining, using the appropriate pipeline recipes. After combining all the individual reduced frames it is possible to obtain a contiguous image of ≈ 7.5 × 7.5 arc min 2 in each of the fields. There are, nonetheless, small regions with slightly lower exposure time per pixel in regions related with chip gaps at certain positions. Because of the availability of the very wide WFCAM imaging, regions in the HAWK-I combined images for which the exposure time per pixel is < 80% of the total are not considered. Frames are photometrically calibrated using 2MASS as a first pass, and then using UDS and COSMOS Ks calibrated images to guarantee a median 0 colour (K-NBK ) for all magnitudes probed, as this procedure provides a larger number of sources. Similarly to the procedure used for WFCAM data, sources were extracted using SEXTRACTOR and photometry was measured in apertures of 2 diameter.
Narrowband excess selection
In order to select potential line emitters, broad-band (BB) imaging is used in the z , J, H and Ks bands to match narrow-band (N B) imaging in the NB921, NBJ, NBH and NBK/H2, respectively. Count levels on the broad-band images are scaled down to match the counts (of 2MASS sources) for each respective narrowband image, in order to guarantee a median zero colour, and a common counts-to-magnitude zero point. Sources are extracted from BB images using the same aperture sizes used for N B images and matched to the N B catalogue with a search radius of < 0.9 . Note, however, that none of the narrow-band filters fall at the centre of the broad-band filters (see Figure 1) . Thus, objects with significant continuum colours will not have BB − N B = 0; this can be corrected with broad-band colours (c.f. S12), in order to guarantee that BB − N B distribution is centred on 0 and has no dependence on continuum broad-band colours. Average colour corrections 5 are given by:
Potential line emitters are then selected according to the significance of their (BB − N B) colour, as they will have (BB − N B) > 0. True emitters are distinguished from those with positive colours due to the scatter in the magnitude measurements by quantifying the significance of the narrowband excess. The parameter Σ (see Bunker et al. 1995) quantifies the excess compared to the random scatter expected for a source with zero colour, as a function of narrow-band magnitude (see e.g. S09), and is given by:
where ZP is the zero point of the N B (and BB, as those have been scaled to have the same ZP as N B images), rap is the aperture radius (in pixels) used, and σNB and σBB are the rms (per pixel) of the N B and BB images, respectively. Here, potential line emitters are selected if Σ > 3.0. The spread on the brighter end (narrow-band magnitudes which are not saturated, but for which the scatter is not affected by errors in the [OII]
HeI [SIII] Figure 3. Photometric redshift distributions (peak of the probability distribution function for each source) for the NB921 line emitter candidates (upper left). NB J (upper right), NB H (lower left) and NB K (lower right). All distributions peak at redshifts which correspond to strong emission lines, corresponding to Hα, Hβ, [OIII] and [OII] emitters at various redshifts depending on the central wavelength of each narrow-band filter. Other populations of emitters are also found, such as Paschen-lines. The dotted lines indicate the redshift for which an emission line is detectable by the narrow-band filters. Lyα emitter candidates in the NB921 dataset (e.g. 18 sources in COSMOS) with photo-z of z ∼ 6 − 7 are not shown.
magnitude, i.e., much brighter than the limit of the images) is quantified for each data-set and frame, and the minimum (BB − N B) colour limit over bright magnitudes is set by the 3× the standard deviation of the excess colour over such magnitudes (s b ). A common rest-frame EW limit of EW0 = 25Å is applied, guaranteeing a limit higher than the 3 × s b dispersion over bright magnitudes in all bands. The combined selection criteria guarantees a clean selection of line emitters and, most importantly, it ensures that the samples of Hα emitters are selected down to the same rest-frame EW, allowing one to quantify the evolution across cosmic time.
As a further check on the selection criteria, the original imaging data are used to produce BB and N B postage stamp images of all the sources. The BB is subtracted from the N B image leaving the residual flux. From visual inspection these residual images contain obvious narrow band sources and it is found that the remaining flux correlates well with the catalogue significance, with significance being proportional to residual flux (f ) asf (0.93±0.03) .
The samples of NB line emitters
Narrow-band detections below the estimated 3 σ detection threshold were not considered. By using colour-colour diagnostics (see S12), potential stars are identified in the sample and rejected as well (the small fraction varies from band to band; see Table 3 ). The sample of remaining potential emitters (Σ > 3 & EW0 > 25Å; see Table 3 for numbers) is visually checked to identify spurious sources, artifacts which might not have been masked, or sources being identified in very noisy regions. Sources classed as spurious/artifacts are removed from the sample of potential emitters. The final samples of line emitters are then derived. As a further test of the reliability of the line emitter samples, it can be noted that since the HAWK-I observations are both deeper and obtained over a larger redshift slice (due to a wider filter profile) when compared to WFCAM, they should be able to confirm all NBK emitters over the matched area. This is confirmed, as all 10 emitters which are detected with WFCAM in the matched area are recovered by HAWK-I data as well.
The catalogues, containing all narrow-band emitter candidates, are presented in Appendix A. The catalogues provide IDs, coordinates, narrow-band and broad-band magnitudes, estimated fluxes and observed EWs. Further details and information are available on the HiZELS website.
The photometric redshift (Photo-zs from Ilbert et al. 2009; Cirasuolo et al. 2010 ) distributions of the sources selected with the 4 narrow-band filters are presented in Figure 3 . The photometric redshifts show clear peaks associated with Hα, Hβ/[OIII] λλ4959,5007 , and [OII] λ3727 (see Figure 3) , together with further emission lines such as Paschen lines and Lyα. Spectroscopic redshift are also available for a fraction of the selected lineemitters (Lilly et al. 2009; Yamada et al. 2005; Simpson et al. 2006; van Breukelen et al. 2007; Ouchi et al. 2008; Smail et al. 2008; Ono et al. 2010) 6 .
Selecting Hα emitters
Samples of Hα emitters at the various redshifts are selected using a combination of broad-band colours (colour-colour selections) and photometric redshifts (when available). Colour-colour separation of emitters are different for each redshift, and for some redshifts two sets of colour-colour separations are used to reduce contamination to a minimum. Additionally, spectroscopically confirmed sources are included, and sources confirmed to be other emission lines removed from the samples -but the reader should note that for all four redshifts the number of z-included sources missed by the selection is typically < 10, while the z-rejected sources are typically < 10 as well. Therefore, the decrease of available spectroscopic redshifts with redshift does not introduce any bias. Additionally, sources found to be line emitters in two (or three, for Hα emitters at z = 2.23) bands, making them strong Hα candidates are also included in the samples, even if they have been missed by the colour-colour and photometric selection (although it is found that only very few real Hα sources are missed by the selection criteria). Table 3 provides the number of sources, including spectroscopically confirmed ones for each field at each redshift.
Hα emitters at
The selection of Hα emitters at z = 0.4 is done using the BRiK (B − R vs i − K) colour-colour selection (see Figure 4 and S12). In addition, all sources for which 0.35 < z phot < 0.45 are also included in the sample. Spectroscopic redshifts (from zCOSMOS; Lilly et al. 2009 ) are available for 38 sources. Thirty six sources are confirmed to be at z = 0.391 − 0.412, while 2 sources are [NII] emitters. This implies a very high completeness of the sample, and a contamination of ∼ 5 per cent over the entire sample. Contaminants have been removed, and spectroscopic sources added. A total of 1742 Hα emitters at z = 0.4 are selected.
Hα emitters at z = 0.84
Sources are selected to be Hα emitters at z = 0.84 if 0.75 < z phot < 0.95 or if they satisfy the BRiK (see Figure 4 ; S09) colour-colour selection for z ∼ 0.8 sources. Additionally, sources with 1.3 < z phot < 1.7 (likely Hβ/[OIII] z ≈ 1.4 emitters) and 2.0 < z phot < 2.5 (likely z = 2.23 [OII] emitters) are removed to further reduce contamination from higher redshift emitters. Sources with spectroscopically confirmed redshifts are included and sources with other spectroscopically confirmed lines are removed. In practice, 6 Hα spectroscopic sources missed by the selection criteria are introduced in the sample; 7 sources found in the sample are not Hα -a mix of [SII] In order to select Hα emitters in areas where the NB921 is not deep enough to provide a complete selection, or where NB921 data are not available, the following steps are taken. Sources are selected if 1.35 < z phot < 1.55, or if they satisfy the z ∼ 1.5 BzK (B − z vs. z − K) criteria defined in Figure 4 , which is able to recover the bulk of the dual narrow-band emitters and sources with high quality photometric redshifts of z ∼ 1.5. However, the z ∼ 1.5 BzK selection, although highly complete, is still contaminated by higher redshift emitters. In order to exclude likely higher redshift sources an additional ziK (i − z vs. z − K; see S12) colour-colour separation is used (see Figure 5 ), in combination with rejecting sources with z phot > 1.8.
The selection leads to a total sample of 515 robust Hα emitters at z = 1.47, by far the largest sample of Hα emitters at z ∼ 1.5. Comparing the double NB921 and NBH analysis with the colour and photo-z selection (for sources for which the NB921 data are deep enough to detect [OII] ) shows that the colour and photo-z selection by itself results in a contamination of ≈ 15 per cent, and a completeness of ≈ 85 per cent. However, as the double NB921 and NBH analysis has been used wherever the data are available and sufficiently deep, the contamination of the entire sample is estimated to be lower (≈ 5 per cent), and the completeness higher (≈ 95 per cent).
Hα emitters at z = 2.23
As can be seen from the photometric redshift distribution in Figure 3 , the high quality photo-zs in the COSMOS and UDS fields can provide a powerful tool to select z = 2.23 sources. However, the sole use of the photometric redshifts can not result in clean, high completeness sample of z = 2.23 Hα emitters, not only because reliable photometric redshifts are not available for 35 per cent of the NBK emitters, at the faint end, but also because the errors in the photometric redshifts will be much higher at z ∼ 2.2 than at lower redshift (particularly as one is selecting star-forming galaxies). Nevertheless, although spectroscopy only exists for a few Hα z = 2.23 sources (zCOSMOS and UDS compilation), double line detections between NBK and one of NBH ([OIII]) and/or NBJ ([OII]) allow the identification of 84 secure Hα emitters. These can be used to optimise the selection criteria and estimate the completeness and contamination of the sample. Table 3 . A summary of the number of sources, narrow-band emitters and Hα-selected emitters for the various surveys undertaken with different narrow-band filters. Fields are C: COSMOS, U: UDS. Volumes are presented in units of 10 4 Mpc 3 and correspond to the total volumes probed; deeper pointings cover relatively smaller volumes. SFRs (limiting SFRs) are presented uncorrected for dust extinction. The number of spectroscopically confirmed Hα emitters are presented in the z Hα conf column, while the number of Hα sources which are confirmed by an emission-line detection in another narrow-band filter are presented in Conf 2lines. Note that the SFR limits represent the limit over the deepest field(s). Also, note that for all four redshifts the number of z-included sources missed by the selection is typically < 10, while the z-rejected sources are typically < 10 as well. Therefore, decrease of available spectroscopic redshifts with redshift does not introduce any bias. The selection of Hα emitters is done in the same way for both COSMOS and UDS, and for both WFCAM and HAWK-I data. An initial sample of z = 2.23 Hα emitters is obtained by selecting sources for which 1.7 < z phot < 2.8, where the limits were determined using the distribution of photometric redshifts found for confirmed Hα emitters at z = 2.23 (this selects 345 sources, of which only 2 are spectroscopically confirmed to be contaminants). Because some sources lack reliable photometric redshifts, the colour selection (z − K) > (B − z) is used recover additional z ∼ 2 faint emitters. This colour-colour selection is a slightly modified version of the standard BzK colour-colour separation (Daddi et al. 2004) 7 . It selects 307 additional Hα candidates (and re-selects 331 [96%] of those selected through photometric redshifts), and guarantees a high completeness of the Hα sample (see Figure 4) . However, the BzK selection also selects z ∼ 3.3 Hβ/[OIII] emitters very effectively, and the contamination by such emitters needs to be minimised. In order to do this, sources with z phot > 3.0 are excluded (64 sources). For sources for which a photometric redshift does not exist, a rest-frame UV colour-colour separation is used (B − R vs. U −B; see Figure 5 , probing the rest-frame UV), capable of broadly separating z = 2.23 and z ∼ 3.3 emitters due to their different UV colours (see Figure 5 ; this removes a further 29 sources). Four further sources are removed as they are confirmed contaminants (a mix of Paβ, [SIII] and [OIII] at z = 0.65, z = 1.23 and z = 3.23, respectively).
Filter
Overall, the selection leads to a total sample of 556 Hα emitters, by far the largest sample of z = 2.23 Hα emitters, and an order of magnitude larger than the previous largest samples presented by and Hayes et al. (2010) . With the limited spectroscopy available, it is difficult to accurately determine the completeness and contamination of the sample, but based on the 7 The selection was modified because the Daddi et al. cut was designed to select z > 1.4 sources, while here z = 2.23 emitters are targeted. The precise location of the new cut, which is 0.2 magnitudes higher than that of Daddi et al., is motivated by the confirmed Hα emitters, and all of them are recovered by the modified cut).
double-line detections the completeness is estimated to be > 90 per cent, and contamination is likely to be ≈ 10 per cent.
ANALYSIS AND RESULTS: Hα LF OVER 11 GYRS
Removing the contamination by the [NII] line
Due to the width of all filters in detecting the Hα line, the adjacent [NII] lines can also be detected when the Hα line is detected at the peak transmission of the filter. A correction for the [NII] line contamination is therefore done, following the relation given in S12. The relation has been derived to reproduce the full SDSS relation between the average log( 
Completeness corrections: detection and selection
It is fundamental to understand how complete the samples are as a function of line flux. This is done using simulations, as described in S09 and further detailed in S12. The simulations consider two major components driving the incompleteness: i) the detection completeness (which depends on the actual imaging depth and the apertures used) and ii) the incompleteness resulting from the selection (both EW and colour significance).
The detection completeness is estimated by placing sources with a given magnitude at random positions on each individual narrow-band image, and studying the recovery rate as a function of the magnitude of the source. For the large Subaru frames, 2500 sources are added for each magnitude, for WFCAM images 500, and for HAWK-I frames 100 sources are added for each realisation.
The individual line completeness estimates are performed in the same way for the data at the four different redshifts. A set of galaxies is defined, which is consistent with being at the approximate redshift (applying the same photometric redshift + colour- (Daddi et al. 2004 , z−K> B−z). Note, however, that for the Hα samples at z = 1.47 and z = 2.23 the BzK selection is not able to differentiate effectively between Hα and higher redshift emitters which can significantly contaminate the samples (see photometric redshift distribution). The higher redshift emitters are filtered out of the samples using another set of colours -see Figure 5 . colour selections to all NB detected sources with no significant excess) but not having emission lines above the detection limit. Emission lines are then added to the sources, and the study of the recovery fraction is undertaken. The average completeness corrections as a function of Hα flux are presented in Figure 6 . Note that the simulations include the different EW/colour cuts used in selecting line emitters in all bands, and therefore take the EW limits and colour selection into account. Also note that because of the very different distributions of magnitudes of Hα emitters from low to higher redshift, the EW/colour cut is a much more important source of incompleteness for low redshift Hα emitters, and an almost negligible source of incompleteness at the highest redshift, z = 2.23.
It should be noted that because of the differences in depth, simulations are conducted for each individual frame, and the appropriate completeness corrections applied accordingly when computing the luminosity function. For any given completeness correction applied, an uncertainty of 20% of the size of the applied correction is added in quadrature to the other uncertainties to account for the uncertainties in deriving such corrections.
Volume
At z = 0.4, the total area surveyed is 1.68 deg 2 . The NB921 filter, centred at 9196Å and with a FWHM of 132Å can probe the Hα line (using the top hat approximation) from zmin = 0.3907 to zmax = 0.4108. This means that the narrow-band filter surveys an Hα volume of 5. Volumes are computed on a field by field basis as each field reaches a different depth (although the difference in volume is only important at the faintest fluxes). The total volume of the survey is 7.4 × 10 5 Mpc 3 . The volume down to the deepest depth is 3.9 × 10 4 Mpc 3 (see Table 4 for details). The NBK filter is centred on λ = 2.121 µm, with a FWHM of 210Å. Using the top hat approximation for the filter, it can probe the Hα emission line from zmin = 2.2147 to zmax = 2.2467, so with a ∆z = 0.016. The H2 filter therefore probes a volume of 3.8 × 10
5 Mpc 3 deg −2 . The HAWK-I survey uses a slightly different H2 filter, centred on λ = 2.125 µm, with FWHM = 300Å. A top hat is an even better approximation of the filter profile, with zmin = 2.2139 to zmax = 2.2596 for Hα line detections. The filter effectively probes 5.5 × 10 5 Mpc 3 deg −2 . Each HAWK-I pointing covers only about 13.08 arcmin 2 , and so the complete HAWK-I survey (COSMOS and UDS, 0.0156 deg 2 ) probes a total volume of 1.7 × 10 4 Mpc 3 . Note that the survey conducted by Hayes et al. (2010) (using a narrower NB filter), although deeper, only probed 5.0 × 10 3 Mpc 3 , so a factor of 3 smaller in volume and over a single field. Table  4 presents a summary of the volumes probed as a function of Hα luminosity and the number of sources detected at each redshift.
Filter Profiles: volume corrections
None of the narrow band filters are perfect top hats (see Figure  1) . In order to model the effect of this bias on estimating the volume (luminous emitters will be detectable over larger volumesalthough, if seen in the filter wings, they will be detected as fainter emitters), a series of simulations is done, following S09 and S12. Briefly, a top hat volume selection is used to compute a first-pass (input) luminosity function and derive the best fit. The fit is used to generate a population of simulated Hα emitters (assuming they are distributed uniformly across redshift); these are then folded through the true filter profile, from which a recovered luminosity function is determined. Studying the difference between the input and recovered luminosity functions shows that the number of bright emitters is underestimated, while faint emitters can be slightly overestimated (c.f. S09 for details), but the actual corrections are different for each filter and each input luminosity function. This allows correction factors to be estimated -these are then used to obtain the corrected luminosity function. Corrections are computed for each individual narrow-band filter.
Extinction Correction
The Hα emission line is not immune to dust extinction. Measuring the extinction for each source can in principle be done by several methods, one of which is the comparison between Hα and far-infrared determined SFRs (see Ibar et al. in prep.) , while the spectroscopic analysis of Balmer decrements also provides a very good estimate of the extinction. As shown in S12, the [OII]/Hα line ratio can also be reasonably well calibrated (using Balmer decrement) as a dust extinction indicator. For the COSMOS z = 1.47 sample, this results in AHα = 0.8 mag (although there is a bias towards lower extinction due to the fact that the NB921 survey is not deep enough to recover sources with much higher extinctions). However, for UDS (where a sufficiently deep NB921 coverage is available) a AHα ≈ 1 mag of extinction at Hα is shown to be an appropriate median correction at z = 1.47 (see S12). That is also similar has been found at z = 0.84 , AHα ≈ 1.2). The dependence of extinction on observed luminosity is also relatively small (S12) at z ∼ 1.5 -therefore, for simplicity and for an easier comparison, a simple 1 mag of extinction is applied for the four redshifts and for all observed luminosities. Note that S12 still find a relatively mild luminosity dependence, but one which is offset to the local Universe relation (e.g. Hopkins et al. 2001 ) by 0.5 mag in AHα (or, alternatively, the relation is not offset once luminosities are divided by L * Hα at that epoch and compared with local luminosities divided by the local L * Hα ). By taking all Hα selected emitters at the four different redshifts, the Hα luminosity function is computed at 4 very different cosmic times, reaching a common observed luminosity limit of ≈ 10 41.6 erg s −1 for the first time in a consistent way over ∼ 11 Gyrs. As previously described, the method of S09 and S12 is applied to correct for the real profile (see Section 3.4). Candidate Hα emitters are assumed to be at z = 0.4, 0.84, 1.47 and 2.23 for luminosity distance calculations. Results can be found in Figure 7 and Table  4 . Errors are Poissonian, but they include a further 20% of the total completeness corrections added in quadrature.
All derived luminosity functions are fitted with Schechter functions defined by three parameters α, φ * and L * :
which are found to provide good fits to the data at all redshifts. In the log form, the Schechter function is given by:
Schechter functions are fitted to each luminosity function. The best fits for the Hα luminosity functions at z = 0.4 − 2.23 are presented in Table 5 , together with the uncertainties on the parameters (1 σ). Uncertainties are obtained from either the 1σ deviation from the best-fit, or the 1σ variance of fits, obtained with a suite of multiple luminosity functions with different binning -whichever is higher (although they are typically comparable). The best-fit functions and their errors are also shown in Figure 7 , together with the z ≈ 0 luminosity function determined by Ly et al. (2007) -which has extended the work by Gallego et al. (1995) The correction is applied to obtain data points corrected for extinction by 1 mag at Hα. luminosity function from z = 0 to z = 2.23, but they also allow for a detailed investigation of exactly how the evolution occurs, in steps of ∼ 2 − 3 Gyrs. The strongest evolutionary feature is the increase in L * Hα as a function of redshift from z = 0 to z = 2.23 (see Figure 8) , with the typical Hα luminosity at z ∼ 2 (L * Hα ) being 10 times higher than locally. This is clearly demonstrated in Figure 8 , which shows the evolution of the Schechter function parameters describing the Hα luminosity function. The L * Hα evolution from z ∼ 0 to z ∼ 2.2, can be simply approximated as log L * = 0.45z + log L * z=0 , with log L * z=0 = 41.87 (see Figure  8) . At the very bright end (L > 4L * ), and particularly at z > 1, there seems to be a deviation from a Schechter function. Follow-up spectroscopy of such luminous Hα sources has recently been obtained for a subset of the z = 1.47 sample, and unveil a significant fraction of narrow and broad-line AGN (with strong [NII] lines as well) which become dominant at the highest luminosities (Sobral et al. in prep) . It is therefore likely that the deviation from a Schechter function is being mostly driven by the increase in the AGN activity fraction at such luminosities, particularly due to the detection of rare broad-line AGN and from very strong [NII] emission.
The normalisation of the Hα luminosity function, φ * , is also found to evolve, but much more mildly. There is an increase of φ * up to z ∼ 1 (by a factor ∼ 4), and then this decreases again for higher redshifts by a factor of ∼ 2 from z ∼ 1 to z = 2.23 -see Figure 8 .
The faint-end slope, α, is found to be relatively steep from z ∼ 0 up to z = 2.23 (when compared to a canonical α = −1.35), and it is not found to evolve. The median α over 0 < z < 2.23 is −1.60±0.08. Very deep data from Hayes et al. (2010) and Ly et al. (2011) not only agree well with such faint-end slope, but even more importantly, their data at the faintest luminosities are also very well fitted by the best-fit z = 2.23 and z = 0.84 luminosity functions, even though their data points were not used for the fit. It is therefore shown that by measuring the Hα luminosity function in a consistent way, and using multiple fields, the faint-end slope can be very well approximated by a constant α = −1.6 at least up to z = 2.23. This shows that while the faint-end slope truly is steep at z ∼ 2, it does not become significantly steeper from z ∼ 0 to z ∼ 2, and rather has remained relatively constant for the last 11 Gyrs. The potential steepening of the faint-end slope, which has been previously reported (e.g. Hayes et al. 2010) simply results from comparing different data-sets which probe different ranges in luminosity, use different completeness corrections, different selection of emitters and probe a different parameter space. Furthermore, the results from Sobral et al. (2011) show that the faint-end slope depends relatively strongly on environment, which indicates that the changes in the faint-end slope measured before may also have resulted by the relatively small areas which can (by chance) probe different environments. Note that this is not the case for this paper because the multi-epoch Hα surveys cover ∼ 2 deg 2 areas over two independent fields and are therefore covering a wide range of environments.
The steep faint-end slope of the Hα luminosity function is in very good agreement with the UV luminosity function at z ∼ 2 and above, and particularly consistent with a relatively non-evolving α ≈ −1.6. This can be seen by comparing the results in this paper with those presented by Treyer et al. (1998) , Arnouts et al. (2005) , and more recently, Oesch et al. (2010) . It is also likely that (similarly to the Hα luminosity function) the large scatter, and the different selections/corrections applied, have driven studies to assume/argue for a steepening of the UV luminosity faint-end slope, just like for the Hα luminosity function -see Oesch et al. (2010) . (Gallego et al. 1995; Ly et al. 2007; Hayes et al. 2010) , and clearly confirm the strong evolution of the luminosity function in the last ∼ 11 Gyrs, mostly through a continuous increase in L * Hα from z = 0 to z = 2.23. Note that the z = 0.4 Hα luminosity function is constrained down to even lower luminosities which are not shown in the figure. Also, note that all Hα luminosities have been corrected by extinction with A Hα = 1 mag, and that SFRs shown are based on that extinction correction. SFRs derived directly from observed Hα luminosities are a factor of 2.5 lower.
Overall, the results imply that the bulk of the evolution of the star-forming population from z = 0 to z ∼ 2.2 is occurring as a strong boost in luminosity of all galaxies. The UV luminosity results also show very similar trends to the Hα LF, by revealing that the strongest evolution to z ∼ 2 is in the typical luminosity/break of the luminosity function, which evolves significantly. However, individual measurements for the UV luminosity function at z < 2 are still significantly affected by cosmic variance, small sample sizes and much more uncertain dust corrections, and thus the Hα analysis provides a much stronger constraint on the evolution of star-forming galaxies up to z ∼ 2.2.
THE STAR FORMATION HISTORY OF THE UNIVERSE: THE LAST 11 GYRS WITH Hα
Unveiling the star formation history of the Universe is fundamental to understand how, when and at what pace galaxies assembled their stellar masses. The best-fit Schechter function fit to the Hα luminosity functions at z = 0.4, 0.84, 1.47 and 2.23 can be used to estimate the star formation rate density at the four epochs, corresponding to look-back times of 4.2, 7.0, 9.2 and 10.6 Gyrs. The standard calibration of Kennicutt (1998) is used to convert the extinctioncorrected Hα luminosity to a star formation rate:
which assumes continuous star formation, Case B recombination at Te = 10 4 K and a Salpeter initial mass function ranging from 0.1-100 M .
As detailed before, a constant 1 magnitude of extinction at Hα is assumed for the analysis, which is likely to be a good approach for the entire integrated star formation.
Removal of the AGN contribution
Interpreting the integral of the Hα luminosity function as a star formation rate density requires a good estimation of the possible contribution of AGN to that quantity. For the z = 0.84 sample, Garn et al. (2010) conducted a detailed search for potential AGN, finding a fraction of 8 ± 3% within the Hα population at z = 0.84. Similar (i.e., ∼ 10 %) AGN contaminations at lower redshift have also been found by other studies, and therefore assuming a 10% contribution from AGN up to z ∼ 1 is likely to be a good ap- as a function of redshift, revealing that the break of the luminosity function evolves significantly from z = 0 to z = 2.23 by a factor of 10, which can be simply parameterised by log L * Hα = 0.45z + 41.87. T op right: the evolution of φ * , which seems to rise mildly up to z ∼ 1 and decrease again up to z ∼ 2.2. Bottom lef t: the faint end slope, however, is not found to evolve at all from z = 0.0 to z = 2.23 within the scatter and the errors, pointing towards α = −1.60 ± 0.08 for the faint-end slope of the Hα luminosity function across the last 11 Gyrs. Bottom right: The 1, 2 and 3 σ contours of the best fits to the combination of L * Hα and φ * fixing α = −1.6. Table 5 . The luminosity function and star formation rate density evolution for 0.4 < z < 2.2, as seen through a completely self-consistent analysis using HiZELS. The measurements are obtained at z = 0.4, 0.84, 1.47 and 2.23, correcting for 1 mag extinction at Hα. Columns present the redshift, break of the luminosity function, L * Hα , normalisation (φ * Hα ) and faint-end slope (α) of the Hα luminosity function. The two right columns present the star formation rate density at each redshift based on integrating the luminosity function down to ≈ 3 M yr −1 or 41.6 (in log erg s −1 ) and for a full integration. Star formation rate densities include a correction for AGN contamination of 10% at z = 0.4 and z = 0.84 (see Garn et al. 2010 ) and 15% at both z = 1.47 and z = 2.23. Errors on the faint-end slope α are the 1 σ deviation from the best fit, when fitting the 3 parameters simultaneously. As α is very well-constrained at all redshifts, and shown not to evolve significantly, L * Hα and φ * Hα are obtained by fixing α = −1.6, and the 1 σ errors on L * Hα and φ * Hα are derived from such fits (with fixed α). proximation. At higher redshifts, and particularly for the sample at z = 1.47 and z = 2.23, the AGN activity could in principle be different. By looking at a range of AGN indicators -X-rays, radio and IRAC colours (and emission lines ratios for sources with such information 9 ), it is found that ∼ 15 % of the sources are potentially AGN at z = 1.47. Similar results are found at z = 2.23. Therefore, when converting integrated luminosities to star formation rate densities at each epoch, it is assumed that AGNs contribute 10% of that up to z ∼ 1 and 15% above that redshift. While this correction may be uncertain, the actual correction will likely be within 5% of what is assumed, and in order to guarantee the robustness of the measurements, the final measurements include the error introduced by the AGN correction -this is done by adding 20% of the AGN correction in quadrature to the other errors.
Epoch
The Hα Star Formation History of the Universe
The results are shown in Table 5 , both down to the approximate common survey limits, and by fully integrating the luminosity function. Figure 9 also presents the results (fully integrating down the luminosity functions), and includes a comparison between the consistent view on the Hα star formation history of the Universe derived in this paper with the various measurements from the literature (Hopkins & Beacom 2006; Ly et al. 2011) , showing a good agreement.
The improvement when compared to other studies is driven by: i) the completely self-consistent determinations, ii) the significantly larger samples, and iii) the fact that the faint-end slope is accurately measured from z ∼ 0 to z ∼ 2.23 and luminosity functions determined down to a much lower common luminosity limit than ever done before. A comparison with all other previous measurements (which show a large scatter) reveals a good agreement with the Hα measurements. However, the homogeneous Hα analysis provides, for the first time, a much clearer and cleaner view of the evolution. The results presented in Figure 9 reveal the Hα star formation history of the Universe for the last ∼ 11 Gyrs. The evolution is particularly steep up to about z ∼ 1. While the evolution is then milder, ρSFR continues to rise, up to at least z ∼ 2.
Up to z ∼ 1, the Hα star formation history is well fitted by log ρSFR = 4 × (z + 1) − 2.08. However, such parameterisation is not a good fit for higher redshifts. It is possible to fit the entire Hα star formation history since z ∼ 2.2, or for the last 11 Gyrs by the simple parameterisation log ρSFR = −0.14T − 0.23, with T being the time since the Big Bang in Gyrs (see Figure 9) . A powerlaw parameterisation as a function of redshift (a × (1 + z) β ) yields β = −1.0, and thus the Hα star formation history can also be simply parameterised by log ρSFR = −2.1 (z+1)
, clearly revealing that ρSFR has been declining for the last ∼ 11 Gyrs.
The Stellar mass assembled in the last 11 Gyrs
The results presented in this paper can be used to provide an estimate of the stellar mass (density) which has been assembled by Hα star-forming galaxies over the last 11 Gyrs. This is done in a similar way to Hopkins & Beacom (2006) or Glazebrook et al. (2004) , taking into account that a significant part of the mass of newborn stars Figure 9 . The star formation rate density and its evolution with redshift up to z ∼ 2.3 using Hα only, and compared to estimates at different redshifts from the literature (e.g. Hopkins 2004; Shioya et al. 2008; Ly et al. 2011, and references therein) . This confirms a strong evolution in the star formation rate density over the last ∼ 11 Gyrs. Overall, the simple parameterisations log ρ SFR = −0.14T − 0.23, with T in Gyrs (shown as a dashed line) or 2.1/(z+1), shown as a dot-dashed line, provide good approximations to the star formation history of the Universe in the last 11 Gyrs. Figure 10 . The Stellar Mass assembly growth inferred from the completely self-consistent Hα star formation history of the Universe over the last ∼ 11 Gyrs, and the comparison with the observations of the stellar mass density over the same epochs. The results show a good agreement, suggesting that the Hα analysis is indeed recovering essentially all the cosmic star formation happening since z = 2.23.
at each redshift is recycled, and can be used in subsequent star formation episodes. The fraction of recycled mass depends on the IMF used. For a Salpeter IMF, which has been used for the Hα calibration, the recycling fraction is 30%. Note, however, that changing the IMF does not change the qualitative results presented in this paper, in particular the agreement between the predicted and the measured stellar mass density growth. Nevertheless, changing the IMF changes both the normalisation of the star formation history and the stellar mass density growth.
Here, the following approach is taken: the measured stellar mass density already in place at z ∼ 2.2 (many determinations exist, e.g. Hopkins & Beacom 2006; Pérez-González et al. 2008; Ilbert et al. 2009 ) is assumed to be log 10 M = 7.45 M Mpc −3 . By using the measured Hα star formation history derived in this paper (log ρSFR = −0.14T − 0.23), a prediction of the evolution of the stellar mass density of the Universe is computed, using the recycling fraction of the Salpeter IMF (30%).
The results are presented in Figure 10 , and compared with various measurements of the stellar mass density at different redshifts available from the literature (Hopkins & Beacom 2006; Pérez-González et al. 2008; Elsner et al. 2008; Marchesini et al. 2009 ). All literature results have been converted to a Salpeter IMF if derived with a different IMF -including those with a modified Salpeter IMF (SalA; resulting in masses a factor of 0.77 lower than Salpeter; see e.g. Hopkins & Beacom) .
The results reveal a very good agreement between the predictions based on the Hα star formation history of the Universe presented in this paper since z = 2.23 and the stellar mass density evolution of the Universe, measured directly by many authors. The results therefore indicate that at least since z = 2.23 the Hα star formation history of the Universe is a very good representation of the total star formation history of the Universe. It is possible to reconcile the observed evolution of the stellar mass density with that produced from the observed star formation history with very simple assumptions, without the need to modify the IMF or have it evolve as a function of time. The Hα analysis reveals that star formation since z = 2.23 is responsible for 95% of the total stellar mass density observed today, with about half of that being assembled from z ∼ 2.2 to z ∼ 1.2, and the other half since z ≈ 1.2. Note that the same conclusion is reached if the stellar mass density at z = 0 is adopted for the normalisation (instead of that at z = 2.23), and the measured Hα star formation history is used (with appropriate recycling factor) to evolve this stellar mass density back to earlier epochs. Moreover, if the star formation rate density continues to decline with time in the same way as in the last ∼ 11 Gyrs, the stellar mass density growth will become increasingly slower, with the stellar mass density of the Universe reaching a maximum which is only 5% higher than currently.
CONCLUSIONS
This paper presents new results from a unique combination of wide and deep narrow-band Hα surveys using UKIRT, Subaru and the VLT. It has resulted in robust and equally selected samples of several hundreds of Hα emitters in narrow redshift slices, allowing to study and parameterise in a completely self-consistent way the evolution of the Hα luminosity function over the last 11 Gyrs of the Universe. The main results are: tion point towards a star-forming population mostly evolving with an overall decrease in their SFRs/luminosity, and with the overall population presenting a typical non-evolving mass and simply evolving by a change in number density, consistent with the scenario proposed by Peng et al. (2010) . Table A1 . A catalogue of all Σ > 3 NB921 narrow-band sources selected in the UDS and COSMOS fields from HiZELS. NB magnitudes are NB921 (AB); BB are z magnitudes (AB). Note that on the printed version this only contains 5 entries, in order to provide some examples contained in the full catalogue. The full catalogue is available on-line.
